Abstract. Electromagnetic field theory is an important basic major course of the communication engineering. In the course of teaching electromagnetic field theory, a lot of complicated formula derivation and abstract concept are involved, which makes the course a recognized challenge to both teachers and students. In this paper, the high performance full wave electromagnetic field simulation software, namely High Frequency Structural Simulator (HFSS), is introduced. The application of HFSS in teaching electromagnetic field theory is discussed. Two examples are given to demonstrate the effectiveness of HFSS in improving teaching quality.
Introduction
Electromagnetic field theory has been one of the most important basic major courses of the communication engineering curriculum [1] . The course covers the basic principles of electromagnetism: electrostatics, magnetic fields of steady currents, motional electromagnetic field and electromagnetic induction, Maxwell's equations, propagation and radiation of electromagnetic waves, electric and magnetic properties of matter, and conservation laws. Besides, the course explores electromagnetic phenomena in modern applications, including wireless and optical communications, circuits, computer interconnects and peripherals, microwave communications and radar, antennas, sensors, micro-electromechanical systems, and power generation and transmission. It is believed that, electromagnetic field is one of the basic knowledge that must be understood and mastered by technicians engaged in Radio Frequency (RF) circuit design, microwave communication system design and electromagnetic compatibility research.
The importance of mastering the electromagnetic field theory is undoubted. While, the difficulty of mastering the electromagnetic field theory is obvious. On one hand, electromagnetic field theory is a highly theoretical course, involving a lot of complicated formula derivation and calculation. On the other hand, the electromagnetic field and the electromagnetic wave itself are invisible, and hence many concepts need to be imagined in an abstract sense. Namely, to comprehend the electromagnetic field theory, a student has to possess not only a solid mathematical foundation but also a strong capability in abstract thinking and spatial imagination. Both teachers and students may be confronted with many profound difficulties throughout the course [2] . Correspondingly, many different attempts have been made to improve the quality of teaching. In this paper, a novel instructional model, which is based on computer simulation software, is proposed for electromagnetic field theory course. Two simulation cases are given to illustrate the efficiency.
Instructional Model Based on Electromagnetic Simulation
As mentioned before, the main difficulty of teaching electromagnetic field theory lies in the boring mathematical derivation and the abstract physical concept. Jerome Bruner, the American psychologist, pointed out that the task of teaching is to translate the knowledge into a form that is most easily understood by students [3] . The teaching practice shows that the vivid images and animations are more easily comprehended and memorized by the students than the abstract concepts [4] .
Consequently, how to visualize the abstract concepts of electromagnetic field and electromagnetic wave has become a general concern of teachers.
In the field of electronic engineering, electromagnetic simulation software has become an important tool used to design RF/microwave devices. We believed that the simulation software can also be applied in the tuition of electromagnetic field theory. With the help of computer simulation, a lot of electromagnetic phenomena can be presented whenever needed, and many abstract concepts, such as spatial distribution and dynamic changes of electromagnetic field, can be visualized.
High Frequency Structural Simulator (HFSS), produced by Ansys Corporation, is a high performance full wave electromagnetic field simulator for arbitrary three-dimensional (3D) volumetric passive device modeling. It integrates simulation, visualization, solid modeling, and automation in an easy to learn environment where solutions to 3D electromagnetic problems are quickly and accurate obtained. HFSS employs the Finite Element Method (FEM), adaptive meshing, and brilliant graphics to provide unparalleled performance and insight to all of 3D electromagnetic problems. The simulator can be used to calculate parameters such as S-Parameters, Resonant Frequency, and Fields. The typical application of HFSS includes: antenna, waveguide, transmission line, packaging and so on [5] .
In the following of the paper, two examples are presented to illuminate the application of HFSS in teaching electromagnetic field theory.
Distribution of Electromagnetic Field in Rectangular Waveguide
Rectangular waveguide, which is used to carry electromagnetic waves, is a hollow metal pipe with a rectangular cross section. The propagation of an electromagnetic wave inside a waveguide is quite complicated. When a wave is introduced at one end of the waveguide, it is reflected form the wall of the waveguide whenever it strikes it. Since the wave is entirely enclosed by conducting walls, it experiences multiple reflections as it progresses along the waveguide. Various reflected waves interact with each other to produce an infinite number of discrete characteristic patterns called modes. These modes supported by rectangular waveguide can be divided into two types: the transverse electric (TE) mode and the transverse magnetic (TM) mode [6] . All the field components for a TE mode inside the waveguide that is shown in Fig. 1 are given as follows:
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where ω is the operating angular frequency, μ denotes the permeability of the medium within the waveguide, k z represents the phase constant in the unbounded medium, and k c is the cutoff transmission constant which can be represented as
Obviously, the expressions of field components are very complicated, and the spatial distributions of the field components are very difficult to imagine. In this case, a rectangular waveguide, the dimension of which is a=50mm and b=20mm, is modeled and simulated by utilizing HFSS. Those related parameters are configured as the following table. The simulation results are depicted in Fig.2 , in which the amplitude and the direction of the field components are represented respectively. With the help of these simulation results, the complex formulas are translated into a set of lively pictures, which is beneficial to the students' understanding and mastering of the electromagnetic wave propagation characteristics in the waveguide. What's more, the learning initiative and the learning interest of the students can also be encouraged effectively. 
Radiation Fields of The Electric Dipole
In order to understand the operation of an antenna, one should comprehend the distribution of the fields produced by a very small filament of current. The small current filament is usually referred to as an electric dipole. That is to say, the analysis of the radiation fields of the electric dipole is the foundation of teaching antenna theory. In the spherical coordinate system, the radiation fields, i.e., the far-field components, can be expressed as
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where I is the current strength, l represents the length of current filament, λ denotes the wavelength of the radiation wave and k represent the phase constant. By using HFSS, a small current filament can be approximately modeled, and then the radiation pattern can be simulated. Those related parameters are configured as the following table. The simulation model is shown in Fig.3 , and the radiation pattern is depicted in Fig.4 . 
Conclusion/Summary
Electromagnetic simulation software, such as HFSS, is a useful tool in the analysis of microwave devices. In this paper, the simulator is imported into the tuition of electromagnetic field theory. From
